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SUMMARY

This year's research effort was centered around two areas of activity: the completion of
optical devices to measure aerosol scattering along with their associated calibration mech-
anisms, and the analysis of data obtained in a unique field experiment of opportunity con-
ducted in cooperation with several other investigators. Since most of the progress concerning
the instrument development portion of the research was presented in the quarterly reports,
this report will focus on the results and interpretation of the field measurements.
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AEROSOL OPTICAL PROPERTIES
OF THE FREE TROPOSPHERE

Introduction

'The field program mentioned in the summary Involved nearly simultaneous rrieasiirerneiits
of the physical and optical prope(rties of boundlary layer and~ free tropospheric aerosols near
Boulder, C'olorado iising aircraft, balloon, and ground1 based1 s( nsurs, and~ was cm~~iducted foi
the purpose of ob tain in g a (11%,versc. self- conmsistenit. data sct th Iat could( be used for test,11
optical model calculations based on mieasuired physical chiaracteristics such as apparent Size
distribution, composition, anil shape.

Although the applicability of Mie scattering calculation,, to spherical aerosol l)artl-es of
known size distribution and comiposition is on a solidl theoretical foundation, very little is,
known of the applicability o)f the same calculations and. assti lii)!ions when applied to r'a.i
a tmiosplheric aerosol polydlispersiolis of poorlyv known particle ,dia pe and comiposit ion. TL
.i '/.e (list riition is a critical comnponent, iii the M ie calculations and is, often detemined
from mieasuiremienit' sWi optical particle count ers, which III tr are calibrated and the data
analyzed in terms of spherical p~articles of known conmposit ion. hli s, the size distriburtion
determined in such a maniner may' be relIaVely me~arIiigW,,I I or Yuaniiailve api,1 in(al io~

Anr important question adldressed in this report is the fol lowinig: hlow accii rate and reliable

are the p~redlict ion,; of stanidar rl e scattering calculations whi h btso' on 2
..measured" in the boundary layer and free t roposphecre w ifli commonly used optical particle
counters whose calibration and response is interpretcd under thie assumption of sp~herical
particles?

The field mieasuirements reportedl here were centered arouind obtaining a data set corn-
prehieisi ye enough to test. qua iiti tataVC aerosol scattering calcuilat ions and relationships for
aerosols foumnd thIiroughiou t the troposp~here. T1hese measuremnuts5 were mnade simultaneously
(or quasi simultaneously) anid involved observations of diverse aerosol properties using a
variety of in situ airborne and groundl based remote sensors.

The measurements took place on three evenings near Boulder, . olorado in a cooperative
effort with several other research facilities. The first field observations were on .Julv 26,
1989 anid the second set, of measurements took place oni May 2:3 and 241, 1990. Two reports
lBodhaine et at., 1990, 1991 a) present the b~asic andl mini iiierliret 'd dat a obtained du,612 1i11--w~~~t

e'xperiment s.

hist rumentat ion1

T[here were four scparat( mieasuremienit systeflis Invlv~led: N OAA' ' iwSti ii( ut cd 1%mg !AI

aircraft, a ruby lidar (694.3 jiir and the University of Wyoming balloon borne lbackscatter-
sonde. The aircraft was mind-i- thle direct ion of NOAA's Climiate Monitoring aiid lDiagnostics
Laboratory (ML)and Air liesources Laboratory (AT11).

Both lidars were operated b)y NOAA 's Waxe P~ropaga tion Laboratory (\WPI ,), and the
balloonl bornle b ackscatiersonde iimeasiiremienits were counluicted l Y 111c Universitv of Wvonimig
Atmospheric P~hysics C ;rouip AP)

A detailed dlescription amid performance capabilities of the inst rumentat ion and1 sensors
employed in the experiment has been given by lBodhaine et at. 11991 a, 1990]. The general



nature of the aircraft platformn has been given by Wellman et al. [1989]. Therefore, only an
abbreviated description of the instrumentation is needed here.

Particle Counters
The optical particle counters (Particle Measuring Systems' laser particle spectrometers

ASASP-100X and FSSP-100) are commercially available instruments in widespread use.
Their application to the aircraft arid calibration for various refractive indices has been dis-
cussed by Kim and Boatman [1990a, 19901)]. It should be noted that the sensing volume of
the FSSP- 100 probe is in the free air stream external to the aircraft and does not experi-
ence an-isokinetic sampling problems. However, its sampling rate is relatively small and in
regions of low aerosol concentration, such as the free troposphere, the sample time required
to obtain statistically significant data inay become (luite large. Unless otherwise noted, the
ASASP and ISSP )rofi es 1ii.iIizedl here eiploy I iiii averages.

lmpactor
The cascade impactor is a PIXE Corporation five stage single orifice device. The equiva-

lent aerodynamic cutoff diameters (EACI)'s) for the five stages are as follows: stage 5, 4pm;
stage 4, 2 pm, stage 3. lit; stage 2, 0.5 JLm; stage 1. 0.25 pml. Although these cuts are
altitude dependent., the effect, is not important to the experiment, because the collections
were only used to indicate the chemical composition for two gross size ranges: fine and
coarse. Budgetary constraints limited analysis to stages 1, 3 amid 5. The elemental composi-
tion of individual particles was determined through energy dispersive x-ray analysis, which
was performed with an ultra thin window x-ray spectrometer interfaced with an analytical
electron microscope. \With this spectrometer, light elements such as carbon and oxygen are
observable in individual atmospheric particles. More details concerning the operation of this
sampling device, its application to the aircraft and the analysis of the collected aerosol is
given by Sheridan et al. [19911.

CN Counter
The Gcneral Elect ric condensation nucleis ((N) coiinter (model 1121, 281) is a modified

version of a comniercially available instrumnent in relatively widespread use [Bodhaine and

.lirphy. 1980]. Because of the potential possibility of air leaks in this sensor, it must be

operated at aircraft cabin pressure. This was accomlplished by employing an air sample
compressor device ahead of the instrument. Laboratory experiments indicate that a loss of
about 20(/ in ('N concentration can be attributed to the compressor. The data shown here
have been corrected for this loss. The particle sizes detected by this instrument are roughly
0.01 /tit) and larger.

Nephlonieter
The operatioi, characteristics, and calibration of the t hree wavelength nephelometer (41t9,

536 and 690 111rn) have beeni described in detail by Bod haine t al. [1991)b]. For the aircraft
applicatioi. an air inllet and downstreami puimp witi air exhaust to the oulside of the air-

craft I)rod%\I( about 200 LPM airflow tiirough the nel)heloineter and allows operation at

ambient pressire regardless of aircraft cabin pressurization. Air pressure and temperature

measurements inade inside the nepheloineter imake it possible to apply a small correction
to obtamli the true anbient scattering characteristics. The data have not been corrected for
possible loss of particles in tlh1' intake tube bY processes such as sedimentation, impaction,



and evaporation. In the vertical profiles reported here, the nephelometer data have been
averaged for 10 seconds giving an effective vertical resolution of about 22 meters.

The particular nephelometer employed in the experiment integrates the scattered light
over the angles 7*- 1700. Since the amount of light scattered into the Ocirc-7° and 170' -

1800 angular region is relatively small for the particle sizes encountered, the nephelometer
provides a measure of the total aerosol scattering which is equivalent to the extinction if the
particles are non absorbing (no imaginary component in the index of refraction).

Aethalometer
The Aethalometer (Hansen and Rosen, 1984) was specially constructed for application on

the NOAA King Air aircraft. This instrument uses a light diffusing filter that continuously
accumulates aerosol while illuminated bN a lamp. Two photocells measure the intensity
of the light from two )ortions of the jilter: one is the sample signal from the area where
aerosol is accumulating, and the other is a reference signal from an area where no aerosol
is accumulating. Only the absorbing component (imaginary part of the index refraction)
will contribute to a ruiuction of intensity in the sample beam. The decrease in the ratio of
the sample to reference beam intensities as a function of time is calibrated in terms of the
equivalent concentration of carbon being drawn through the filter, and a value is reported
every 10 seconds. A large pump pulls air t hrough the filter at a measured flow rate exceeding
:10 LPM. The exhaust line from the pump is routed directly to the outside of the aircraft. The
aethalometer measured aerosol absorption during both figlits of the May 1990 experiment.
but was not employed in the .July 26. 1989 experiment.

l{uby Lidar
The ruby lidar system, operating at 694 rim wavelength, has been in intermittent use at

Boulder, Colorado for a period of about 20 hr and is employed primarily for the monitoring
of stratospheric aerosols. It transmits one pulse once very :3 seconds and typically requires
an average of several hundred pulses to retrieve a statistically significant backscatter profile.
Thus a profile can be obtained about every 10 minutes. The problems associated with the
calibration of ruby lidar systems and the methodology of data analysis have been discussed
by Russell et al. 11979] and by Likura ,t al. [1987].

Backscattersonde
The backscattersonde is a simple and relatively new balloon borne sensor. It employs

a quasi collimated beam from a xenon flash lamp anti sense the light locally backscattered
at two selectable wavelengths. One vertical profile with a resolution of about 30 m (as
determined by the flash lamp frequency and balloon rise rate) is obtained on ascent. During
the field measurements, one of the backscatter wavelengths was always chosen to be 940 nm
and the second wavelength was selected as either 700 (26 .July 1989, 23 May 1990) or 180 nm
(2,1 May 1990). Standard tneteorological parameters (pressure, temperature and humidity)
are also lneasured with a mod ified Vaisala radiosonde under microprocessor control, which is
an integral part of ie sounding instrurent.. A more complete description of the instrument
and its calibration is given bY Hosen aiid Kjomie [19!11).

ILogistics of the Experiment

On a typical experiment evening, the ruby lidar would start operation shortly after local
,'unset and continue obtaining profiles at 30 min intervals until undisturbed profiles were
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consistently obtained under relatively cloud free conditions. At this time the aircraft took
off from a local airport and began collecting data oil a uniformu ascent to about 400 rub
(about 7 km).

The balloon launch was scheduled so that its ascent and that of the aircraft would approx-
imately coincide. Obvious physical and practical constraints (lid not permit the respective
profiles to be taken from exactly the same air parcels. However, since the atnospheric con-
ditions were relatively stable as determined by comparisons of ascent and descent profiles,
the effect of this deficiency is probably not significant for most parts of the profiles.

Results

Particle concentration profiles obtained (luring the first field experiment for three typical
particle sizes and for CN are shown in Figure 1. These results illustrate the diverse profiles
that can be obtained in various size ranges. For example, the profile associated with particle
diameter = 0.57 tim shows a layer near 500 nib whic'i is not evident in the smaller particle
profile and appears as a layer deficient in concentration for the larger particles. The structure
in the CN profile seems relatively uncorrelated with the larger particle profiles and does not
show a decrease in concentration above the boundary layer as defined by the location of the
temperatire inversion. It is not iinniediately obvious at this point what the net contribution
is of uari icles in and near t he 500 nil layer to the optical scat tering characteristics: Will this
be a laver of relatively low or high scattering characteristics?

Figure 2 presents similar results for the second field experimenl but includes the black
carlbon concentration l)rofile and a comparison of ascent/(lescent profiles. Again, some corre-
sponding features are evident in both the particle counter and CN profiles, but there are also
many significant differences so that it would appear to be impossible to deduce one of the
profiles given the others. The structure in the black carbon profile is not strongly correlated
with feat tires in the particle profiles and does not show the distinctive sharp decrease above
the bouindary layer. Thus, it is not possible to clearly associate the particles containing black
carbon wit It a specific part iHe size profile.

Some notable differences in the ascent, and descent strictures can be seen in Figure 2.
The particle concent ration profiles on both May 23 and 2.1 show some differences near and
at the top of the boundary laYer (about 500 rb). These differences are thought to be real
and probably reflect modest changes in the atmospheric conditions. The apparent shift in
altit ride of the ascent and descent CN profiles is undoultedly an artifact probably due to a lag
tinle associated with a delay of the air sample reaching the sensor. The systematic difference
between the ascent and descent black carbon profiles at low concentrations is now known to
be an instrument artifact caused by a pressure change rate effect on the filter opacity. To
a first al))roximation, the correct black carbon concentralion would be the average of the
ascent and dlescent data.

Figriire 3 shows a comparison of the particle concentration profiles and the various optical
scattel irig profiles To be consistent and for ease of comparison, mixing ratio units have
been rcd for lhe aerosol coticeniration. '[he nephiometer and backscattersonde aerosol
scatter ratio (aerosol/ R ayleigh) is effectively a mi xing ratio. Another often iisedi quail-
tity (which i, riot a mixiig ratio) is the neph'leorneter and lackscat tersonde scatter ratio:
(aerosol -' layligh)/tavlcigli. Note that aerosol scatter ratio =scat ter ratio - 1.

All of t"he proeihs in Figrtire 3 refer to the ti rut" period of aircraft and balloon ascent
X; , for 2:3 Ma. Since ;he nephelo mneler was not operating dring ascent on this (ate,



only aircraft descent profiles are shown.
Figure 3 shows excellent agreement in the fine profile structure as obtained with the

uephelometer and backscattersonde, even though each instrument is sensitive to different
aerosol scattering properties. The aerosol particle concentration profiles have somewhat
lower resolution, but nevertheless reflect the same structure as seen with the nephelometer
and backscattersonde. The lidar profiles as illustrated are significantly lower in vertical res-
olution, but are generally consistent with the structure shown in the other aerosol scattering
measurements.

Although there is only modest agreement in the backscattersonde and ruby lidar profile
structure in the troposphere. the general shape of the complete profile and agreement in
absolute value appear to be quite satisfactory, as illustrated in Figure 4. Ihere, two ruby lidar
profiles obtained on 23 May during balloon ascent are shown along with the tropospheric
backscattersonde data at 700 nin wavelength. Unfortunately there was a balloon failure near
9 km on this date anl no stratospheric data were observed. The backscattersonde data shown
above 10 km in Figure 4 were obtained at Laramie, Wyoming (150 km north of Boulder)
a few weeks later. lowever, the stratospheric aerosol was very stable during this period of
line, and soundings made before and after the experiment showed very little difference in

the stratosphere. Thus, it is believed that, Figure .1 represents a valid comparison of the
backscattersoude and ruby lidar over their entire operating altitude range.

Aerosol sampling with the 5 stage cascade impactor was performed over just two altitude
ranges on both evenings of the second experiment: one sanple was obtained in the planetary
boundary layer and the other sample was collected in t lie free troposphere.

In the high and low altit ude samples, about 85% of t Ie fine particles (stage 1 collections)
were classified as aninionitim silfale. Other particle groups were identified as composite
sulfate/crustal (about 4%), crustal (about 5%), and carbonaceous/non-spherical (about 3/).
The crustal group is rich in silicon and aluminum.

The coarse part icle samples (stage 3 collections), did not show a consistent altitude depen-
dent composition. Approxinmately 3.V% of the particles wer, classified as ammonium sulfate,
7% as composite sulfate/crustal, 43%, as crustal, 5V as carbonaceous/non-spherical and 3
percent as iron-rich. A statistically significant number of particles were not collected on
stage 5, but they appeared similar in composition to those collected on stage 3. More detail
concerning the exact definition of the various groups such as crustal and carbonaceous has
been given by iodhane et, al.. 1991a.

Particles collected by the impactor in all of the samples were largely external mixtures
of the dominant fine sulfates. solne larger crustal derived particles and the less frequently
encountered carbonaceous particles. Composite particles were observed, but typically near
the 5% level.

Comparison of Nepheloineter and Backscattersondc.
For the purpose of discussion below, the ratio of the nephelometer scatter ratio to the

backscattersonde scatter ratio will be useful. In making this calculation, the profiles from the
two sensors have been vertically shifted slightly so that there is optimal correspondence in
the structure. This minor shift is probably a result of the samples not being made in exactly
the same air parcel and a timie lag in the effective response. Figure 5 shows the ratio of
the instruments' response averaged over 2 nib altitude intervals. l)ata appear to be grouped
in two regions of the chart which correspond to data from the planetary boundary layer
(ligher values) and from the free troposphere (lower values). A standard regression, straight
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line fit has beeni performed using all of thc data points. although a linear relationship is not
necessarily expected. As the dlata points approach the oi igIn k1.1 ) bo0th int rumeiits should
read the same value, namely 1.00. Although the regression fit. does pass reasonably close to
the origin, there is a noticeable slight offset., but that is probably within the net experimental
uncertainty. The straight, line could be made to pass directly through the origin by adjusting
or applying a small constant background signal to one or both of the instruments.

Much of the data scatter inl Figure 5 can be attributed to p~oints occurring near large
gradients in vertical aerosol structure. In this situation, a small error in the corresponding
corrected altitudes of the instrinenit platforms will lead to a relatively large error in the ratio
of the response of the instrimneits. To add~ress this problem In the May 1990 experiments,
data were averaged over six well djefined alt itudite regions or layers where the aerosol propertiWs
remained relatively constant. Thiese Iaver - are Ideniti fed and iituinbered along the altitude
scales in Figuire 3. A comparison of tlie nephieloineter and1 backscattei sonde for the six layers
on May 23 is shown in Figure 5. '1These data show less scatter andI are consistent with an
"evNe fit" stiaigh lt linle passl-g throil 1 the oi 'iT. P i,,cat tvrs-~ide data for 700 nin are not
av~ailable for May 24.

The reader should be reminiided t hat Figures 5 andi 6 do iot rep resenit a tin i\versal me-
latijonship bet ween the nephielorneter and( backscattersop'Ie. TIhe reslits apply only to the
aerosol physical properties and vecrtical structurec t hat exis t r~ dutining the field experiments.
The ineasuremlents would Tleed to hi' repeated mianly ilore tliimie before an at tempt could be
tma"d . to i dent ifv it statist icil lx' sign if icant resuilt relatinig to atm ,,SPlicric aerosols.

Aero.,ol Optical M\odel ( alculat ion's
Aerosol chiaracterist ics relevanit t ()optical mlodel calcuilat ions are size (list ri bution, inidex of

refract ion as (dict at ed byv coiriposit lon, and Iparticle slia pe An exam natilon of how calculated
Model resulIts are i nflulencedl bv u icertalijes in thle iput (Iata is also important. Without
anl estimai e of t he uincertaint ies, it is .Impossible to assess the significance of the results or
possi He discrepancies4 that inay occli i bet weeui thle iiieasuired and~ calculated (quant it ies.

Inde )i* Refract ion
TW (Jbwrved dry aerosol com posi tion as discuissedl ab~ove suggests alli Index of refraction

in tilie 1ifane of .J50 ± .03~ in hde visible. since the ambhient relat j e humidity was wel
below 100,4 for most. of the Ii easureient s, wvatem iuicorlporated in the particles p~robaly
did iuo d lgni ficall tlv in v I iiei cice tilie i uidex of refraction. '['lie carbonaceous compnj~ient of t li
samupledl aerosol suggests a smnall absorbing (0111ponen t or i agi iia my part to thle refractive

rIndex. Thle mnagn it ude of the nliaginia ry coi linrt call be est imat ed fronm thle black carb~on
measuremnirts. Talble I suggests t hat black carbon mnade up about 2%A of thle total aerosol
dut-Hig thle field mneasuremients. Assuming that the black carbon has the saine imaginiary
inldex of refract ion as soot (wilh1 is approx iinatelY - .4:31 Kent et al.. 1983) andI using a simlple
mninded v-olumne averaged calculation. the first guess for the eecieimaginary comp~onent
for t he aerosols shou ld h e roughly - .00861i To be c-oii--ist t'nt with %,allties inl general use, we
have ,hos'n at s iglit lY smnaller valuje ( -.0060i )[Kliin antd Boa t jan. I1990a; Kent (t al., 198:3]
for iitial calculations involving anl absorbinig coil ipoiieiit

Rather t hall using a 'silugh' valuev for th Ind tex )f refracilon, iiM el1SeImible of v'aluies hias been
chosen so that t lit' sensit ivity of t lie final results to tilie refr-active Iindlex call be estiliat ed
Table 2 ~iysa list, of thle i 'id -cs cons"idered as well as a suggest ed Iphivsica ident i fica tioni of
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the aerosol b~ased oil the aerosol mrodels of Sietie and~ F~enn [19791 arid] as further utilized
by Kini and Boatmiani 1990a~lh] and Kent (t al. [198:3].

P~article Shape
As expected, electron microscope photographs Indicate that. the particles collected1 by the

impactor were non-sphecrical [Bodhaime (4. al., 1 991a]. Oil the other hand, tire particles were
nrot, extremely irregular in shape. Thus, the calciulat ions being performed here are probably
not a severe test of lie spherical particle assli Ii t-101i

size )itittio
For both periods of the fie(ld ('x jri iiiciat , size (list riti tns were (leteriii ned usinrg the

ASSP and FSSP Iist runieilt S. Thei cascade jInpactor was not? usedl for this purpose. B~oth
of the optical particle counters were calibrated with spherical particles of known index of
refraction. Since the response of these counters is well characterized, the calibration for
spherical p~artile~s withl other Indices of refraction can be reliably calculated [Pinnick and
A nrverriarinn, 1979; Glarvey and P'ini ik . 1983; IKim and Boatman. I 90a,b].

Vven t hot gli lpart icleconcenit ratior Iniform ationi is available at one mintite intervals or less.
Usually cons"Ider;)) I v i ore tinme is needed to obtain a stat ist icall.N significant size distribution.
For this reason, thle size (listri but in lias b~een determinc-d for a few easily identifi able layers
and~ regions as defined along thle attitutde scales in Figure :3. For reference, eachi Jaye- has
been inumbered onl eachi (late starting at the highest layer. Average values of the aerosol
physical arid optical parameters have been compu~itedl for these layers.

Ai enisemlble of possible sive (list ribint torns Is generated for eacti layer using the following
procedu tre: Tlo obt aini onle cand(1ilte size (list ri bution , a ii index of refract ion is selected
Oin sejulicc) from thei enisemnible of possibI le valutes atd Ol te correspoi(1 i ng particle counter
caIi brationt (clhaituel itn umber or respo;i se vs. size), asstuin tg spiic.-ical particles, is then
determilned. A I wo inode log itorti til cii rye is lit to the resri Iti rig size (distri but ion data using

h'le tech niquie described b~y H orvathi et al ., [1 990] and the ent ire procedure is repeated for all
of the indices of refract ion in t ie enisemible. Three log normal p~aramneters for eachi mode are
obtai ned: A',, Is the total particle conicentrat ion, D., or r_, Is lie geometric mean diameter or
radlius, arid ag is the geometric stand~ardl deviation defined such as that for a mono dispersed
aerosol. (79 =

For eachi la ver iisirg tIre ensenible of size dlistrib~utionis defined by the corresponding
ensemble of refractive Iridices. thle response of the riephcloineter and( backscattersondle at the
aplprop~riate wavelengths were calculated tusing Mie scattering theory. The small dependence
of index of refraction onl wavelengthI has been neglected for these calcuilations. Since the
backscattersonde and rtiby idar arc essent ially equivalent., tihe ruby lidar backscatter has
not, been calctilated.

For eachi layer an(1 each index of refraction chosen, a set of calculated scattering values
ts obtained and( carl be comnparedl withl the measured values. As expected, sonmc assumed
re(fractive i ntdices, give better overall agreem ient with mieastiremienits than others. The valuies of
reCfract ye i nd~ex gi% vi rg t lie op)t in ta si rriti tantronis agreerierto wvit It thle nephelorneter (3 values
correspotidinrg to 3 (Iiffereiit waveleiigt its) arid backscattv'sonde (2 values corresponding to 2
dliffrenit wavelengths) are sliown HIi '[able :J. [usinlg these 01)?imnal values of refractive index,
thec overall c'omlparison of mlodIel predIiction and mecastiremient is sumrmarized in Figure 7.
l~acii politt III t Is ftgurre is derived from a calculated arid measured value for a given layer,
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a particular instrument (backscattersoiide or nepheloieter), and~ for one of the possible
wavelengths associated wvithI the instrument.

Discussion

Except for thle iniaginarv, or ab sortbinig coij)i(t tleot Ivtueofherraie

indices as shown in) Table 3 are quite consistent with the range of values suggested fromt thle
chemical composition. The best results are obtaitiud by noglecting the imaginary part of the
refractive index, even though the aethaloineter and( impactor results indicate the presence
of at least some absorbing aerosol. The estimates muade abov:e for thle magniituide of this
component are apparent ly too large aiid probablY represent an upper limit. Our estimates

of the index of refraction are consistent with those rep~orted by Spinhirne et. al. [1980] who
have used a combination of optical iiiethods to deduce a mnean acrosol index of refraction for
the boundary layer of 1 .52- .0031.

The rat her ,ood agree~neit, bet wee!) (a!c,;t(I m~l t'1j a i ~~ Ii t at prperties as shown
in Figure 7 is better than we iiiitialtv atiipatedl andl could b~e dlue to lie fact that the aerosols
were prob~ably quasi spherical. Thie (xlperinleiit woutld needl to be repeated for a wider variet~y
of aerosol conditions before a fi riii (Oichiusion could( be est a1 listled . Nevertheless, thle results
of t 1]is work indicated t hat . at least undi~er sonme coii lit ins, ae-rosol op ticalI prop~ert ies in tile
bounidarY layer can be AdequiatclY cstiiitedl usinig size dlist ribLidtious obtainied froml optical
particle (-()unters.

The fact that reasoniable agreemIlent has beenl achieved for the comparisons shown ]in Figure
7 suggests that the spherical particle assuiiilt ioni flos not nlecessari ly lead to inaccurate
results. Efforts to (lirectly (let ermline the response of the ASAS1P to uniform non-spherical
particles (doublet spheres) Indlicate that the inst ruiniit respondls to these particles as it
would to spheres of equal vol unme [i nick anl(l Roseni. 19791. T[his earlier wvork also suggests
that optical particle counters c-an produ mce nieaniiigfui results when applied to aerosol systems
of non- spherical pai-t ides.

T he high (j al i t v qu a-si sin id!taiwious n& p heloinet er and b acks cat tc(rsoil (e mneasuirements
oi t a! ned in the field rueasu reint (-a i be u1sedl to (leteriline a very u~sefiul. bilt inot well

k w.r-onvet sion fact or that allows. the derivationi of opt ical depth! frouiv t1ar. profl es 'Fh ;S
IS 'lit, -o (>11!fN aerosol u:xt i ic(tion - to backscatt er rat 1( treqtiitlvy reported li units of kill-
/ (ki~ i ) or sr. As inenit iiedl a bov.e, thle ne1 )hetom~eter is a nieasure of thle extinction if

hem e is no sign i icaut. ablsorbinig coinponen t to thlepa~rt ices, as was appareitlv the case for thle
obst'rved aerosol s. Figurte 5 11(1 calus an acrosol etiitio-o-bkstterrat io (at about 700
rni) of 2.3 to 3.6 and Figuire (3 Ind icateus a value of 2.5. Accordinig to elemten tary scattering
conlsidera tions t tese niII TIber's liied to be 1iiil)1ied by S/3( the R ayleigh ext inct ionl-io-
backscat ter rat io is 2.1 ± 6 sr. For (compa~drison , Spilii rie (1 at. [1 9801 have reported values
of 19.5 ± 8.A: sr for t lie mixed b oundtary layer at thle same wvaveeiigt hi.

'I ie restilt s of t wor-k ecported here suggest It opojtical particle couinters calliro
(111ev iiicaliiigfil su SIVli r,1-1,lrows if) a statistical senlse for opliical iliodel calculatilonls in] tile
hotn idary layer andP free t ropoqplIer( . ill spli of thle fact t hat t le pa rtlictv are 1101-sI)hierica I.
Ilowever.. t ie hi llited aim vu ut of exptIlrifIll(e prevenits t his (oil( liisioii Iroi beiing uiversal.



Combined soundings of the neplieloieter and backscattersonde can lead to a relatively
direct determination of the extinction to lbackscatter ratio. This ratio plays an important
role in the interpret at ion and i utility of dlata, obt ained by iia ny remote sounding systems.
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Table 1
Carbon Composition of Aerosols

(percent by mass)

Layer 23 May 90 24 may 90
1 3.0 5.0
2) 3.8 3.0
3 1.5 0.6
4 0.8 3.0
5 1.3 0.9
6 1.0 0.5

Table 2
Ensemble of Refractive Indices

Used in Calculations

Index of Refraction Possible Aerosol
1.33 - 0.000i Water
1.49 - 0.0001/0-006i Sea Salt
1.50 - 0.OO0i/0.006i Rural (70%0 1111)
1.52 - 0.0001/0.006i Rural (50% RH)

Amnmoniuni Sulfate
1.53 - 0.OO0i/0.006i Rural (0% RHl)

Dust-Ilike
159 - 0.0001 Polystyrene Sphteres

(for calib~ration)

Table 3
Optimal Choice Refractive Index

layer 26 July 89 23 May 90 24 May 90
1 1.419-0.000i 1.49-0.000i 1.49-0.000i
2 1..53-0.000i 1.49-0-000i 1.49-0.000i
:3 1.19-0.000i 1.49-0.000i 1.59-0.000i
.1 1.50-0.006i' 1.52-0.006i 1.49-0.000i
5 l.119-0.000i 1.19-0.000i
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Figure 1. Particle concentration profiles obtained on aircraft
ascent during the first field experiment on 26 July 1989.
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Figure 2. Particle, condensation nuclei (CN), and black carbon
concentration profiles obtained on aircraft ascent and descent
during the second field experiment in May 1990.
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Figure 3. Particle concentration and optical scattering profiles
obtained for the aerosols present during the field measurements.
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Figure 4. A comparison of the backscattersonde and ruby lidar
Profiles for the 1989 experiment period.



26MI1

0
26 JULY 1989 Gu0

cX 700 nm go D

4n 0 0

w
a
Z 0
0
C')
w 1.5-

I- 0
I.- 0

0,

1 2 3 4 56

NEPHELOMETER SCAT. RATIO
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nephelometer measurements for the six layers defined in Figure 3
for the May 1990 experiment period.
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Figure 7. A sunmry scatter plot of the agreemnt between the
calculated and measured naphalometer and backscattersondo aerosol
scatter ratios for all wavelengths. The coordinate of every point
is derived from the measured and calculated value for the
nopholometer at one of its three wavelengths or the
backscattersondo at one of its two wavelengths for the layers
defined in Figure 3. The magnitude of the uncertainty is
demonstrated on one point but applies to all points. The solid
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